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DQG RSWRHOHFWURQLF GHYLFHV PDLQO\ GXH WR WKHLU QDQRVFDOH JHRPHWU\ +RZHYHU WKH JHRPHWU\ RI





WR WKH GLVWULEXWLRQ RI HOHFWURVWDWLF SRWHQWLDOV ܸሺݔǡ ݕǡ ݖሻ ZLWKLQ WKH VSHFLPHQ ,Q WKH DEVHQFH RI
G\QDPLFDOGLIIUDFWLRQDQGPDJQHWLF ILHOGDQG LI LW LV DVVXPHG WKDW WKHHOHFWURVWDWLFSRWHQWLDOYDULDWLRQ
DORQJ WKH EHDP GLUHFWLRQݖ LV QHJOLJLEOH WKH UHODWLRQ EHWZHHQ WKH SKDVH VKLIW DQG WKH HOHFWURVWDWLF
SRWHQWLDOFDQEHVLPSOLILHGWR




















QRPLQDO GRSDQW FRQFHQWUDWLRQ ZDV GHWDFKHG DQG OLIWHG XS IURP LWV VXEVWUDWH in-situ LQ D VFDQQLQJ
HOHFWURQ PLFURVFRSH 6(0 )LJ D DQG SODFHG RQ WZR SUHSDWWHUQHG: SODWHV )LJ E 2IID[LV
HOHFWURQ KRORJUDPV ZHUH DFTXLUHG DV D IXQFWLRQ RI ELDVLQJ FXUUHQW XVLQJ DQ )(, 7LWDQ  7(0
RSHUDWHG DW  N9 DQG DQ $GXUR ELDVLQJ VSHFLPHQ KROGHU >@ 7KH SKDVH LPDJH REWDLQHG ZLWKRXW
ELDVLQJ ZDV XVHG DV D UHIHUHQFH IRU WKH PHDVXUHPHQW RI WKH SKDVH FKDQJH DORQJ WKH QDQRZLUH 7KH
FRQWULEXWLRQRIHOHFWULFILHOGOHDNDJHWRWKHYDFXXPIURPWKHHOHFWULFDOFRQWDFWVEHWZHHQWKHQDQRZLUH
DQG:SODWHVWRWKHSKDVHVKLIWZDVHVWLPDWHGIURPWKHSKDVHSURILOHVLQWKHYDFXXPDUURZ%LQ)LJ
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D 'HWDFKLQJ D VLQJOH QDQRZLUH
IURP LWV VXEVWUDWH LQ DQ 6(0
XVLQJ D PLFURPDQLSXODWRU DQG
SODFLQJ LW GRZQ RQ D SUH
SDWWHUQHG6L1PHPEUDQHE

E6(0 LPDJH VKRZLQJ D P
QDQRZLUH VLWWLQJ RQ D PJDS
LQ EHWZHHQ WZR : SODWHV 7KH
JDSZDVPLFURPDFKLQHGRQD:
ODPHOOD XVLQJ IRFXV LRQ EHDP
PLOOLQJ7KH6L1PHPEUDQHZDV
SDUWLDOO\PLOOHGDZD\ WRSURYLGH
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